Arnebia euchroma Royle (Johnston) (Boraginaceae), a rich source of shikonin derivatives, is valued for its medicinal as well as coloring properties. In vitro multiplication of this plant species is important for continuous supply of raw material for pharmaceutical industries as well as to conserve the germplasm of this rare and endangered species. The present work assessed the use of liquid (shake flasks and static) medium for its potential to induce shoot growth and multiplication using agar-gelled medium as a control. Shoot cultures were initiated from rhizome buds on Murashige and Skoog (MS) agar-gelled medium with 6-benzylaminopurine (BAP; 10.0 µM) and α-naphthalene acetic acid (NAA; 5.0 µM) and maintained by regular sub-culturing on Kinetin (Kn; 5.0 µM) containing medium. Best response in terms of shoot proliferation was observed in liquid shake flask cultures. MS medium supplemented with Thidiazuron (TDZ; 1.0 µM) favored 14-fold increase in shoot number followed by BAP (10.0 µM; 11 fold) and Kn (2.5 µM; 9 fold). Initial culturing in liquid shake flask with TDZ and a periodic transfer to agar-gelled medium having Kn was beneficial for sustained production of normal multiple shoots. An efficient and economic protocol was developed using liquid culture system for in vitro propagation of A. euchroma. The present protocol of in vitro shoot multiplication could be utilized for further studies related to large scale propagation as well as conservation of this plant species.
INTRODUCTION
Arnebia euchroma Royle (Johnston) (Boraginaceae), an important traditional medicinal plant species, is known for rich source of shikonin derivatives [1, 2] . It occurs from Afghanistan to Central Nepal, Western and Central Asia and is distributed between 3000-4200 m in drier areas. Since ancient times, the plant has been used as a natural dye for coloring silk, cosmetics, as food additive and for treating wounds, ulcers, measles, inflammation, small pox, sores and skin eruptions in Chinese traditional medicine. A. euchroma is an ingredient of 'SPRING WIND' herbal products, China. It is used for toothache and earache in Afghanistan and is the major ingredient of ointments 'TzuYun-Kao' and 'Shiun-ko', used for the treatment of burns and wounds in Asia [3, 4] . The water extract of dried leaves and flowers are given as a remedy for fevers. The roots are bruised and applied to eruptions. These are also used as hair tonic by locals [5] . The roots of this plant species contain red pigments (alkanin, shikonin and their derivatives) and are sold in market under the trade name 'Ratanjot'. Shikonin and their derivatives are known to possess antibacterial, antifungal, anti-HIV, anti-inflammatory, antitumor, cardiotonic and contraceptive actions [6] [7] [8] [9] .
The commercial exploitation of wild-grown plants has led to the rapid decline of this plant species in its natural habitat and necessitates alternate strategies for its propagation and conservation [10, 11] . Since seeds exhibit quite low rate of germination and plants are difficult to cultivate (possess third level of difficulty in cultivation), propagation and cultivation methods by seeds or rhizome buds appear to be unsatisfactory to provide the homogenous as well as quality material for commercial purposes [12] . In this regard, plant tissue culture offers an important alternative for in vitro multiplication and conservation of elite and characterized germplasm of rare and endangered species [13] [14] [15] [16] [17] [18] [19] [20] [21] . In vitro propagation, initially employed only for the propagation of ornamental plants, is now used for the mass multiplication of recalcitrant as well as economically important plant species [13, 22, 23] .
In A. euchroma, micropropagation protocols have been reported using agar-solidified medium [11, 16, 24, 25] , but so far no studies have been conducted to see the potential of liquid (static or shake flask) medium for in vitro shoot multiplication. The present work, therefore, focuses on improvement in the micropropagation protocol by using liquid culture system in A. euchroma. In the present study, effect of different cytokinins on in vitro shoot growth and multiplication was studied and effectiveness of liquid (shake flask or static) and agar-gelled media on shoot proliferation was compared. The aim of the study was to establish an efficient and reproducible method for in vitro propagation of A. euchroma.
MATERIALS AND METHODS

Planting material and establishment of aseptic cultures
Plants of A. euchroma were procured from KIBBER (trans Himalayas; 4200 m above mean sea level) and maintained under polyhouse conditions in the experimental farm of the Institute (annual temperature range: 20-30ºC; RH 60-70%). Young shoot buds from the rhizomes of healthy plants were used as explants for raising aseptic cultures. The explants were washed thoroughly in running tap water and then with distilled water containing 1-2 drops of Tween-20 (HiMedia) using sable hair brush. These were then surface sterilized following the method described by Malik et al. [16] . After sterilization, buds were inoculated vertically in 250 ml Erlenmeyer flask containing 100 ml Murashige and Skoog [26] medium (MS) with 3% (w/v) sucrose (Qualigens) and agar (0.8%, w/v, Qualigens). The medium was supplemented with 10.0 µM 6-benzylaminopurine (BAP; Sigma) and 5.0 µM α-naphthalene acetic acid (NAA; Sigma). Polyvinylpolypyrrolidone (PVPP) at 100 mg/l concentration was also added to the media to prevent phenolics exudation [16] . Shoot cultures were maintained by regular sub-culturing at 4 week interval on agar gelled MS medium with 5.0 µM Kinetin (Kn). The pH of medium was adjusted to 5.8 by using 0.1M NaOH or 0. ). 
In vitro shoot multiplication
Effect of cytokinins and medium status
Rooting and hardening
Proliferated shoots were transferred to agar gelled or liquid rooting media as standardized earlier by Malik et al. [16] . Rooted plantlets were washed thoroughly in lukewarm water and then transferred to plastic pots (20 cm dia.) containing sand: soil (1:1) and kept in a greenhouse, initially covered with inverted jars for 40-45 days for acclimatization. The plants were nourished with half strength MS medium devoid of sucrose and vitamins. Data were recorded in terms of number of plants survived after twelve weeks of transfer.
Statistical analysis
Six replicates were used for all the treatments and 4 shoots (1.0-1.3 cm in length) were inoculated per 250 ml Erlenmeyer flask containing agar gelled (100 ml) or liquid medium (10 ml for static culture and 25 ml for shake flask). Shake flask cultures were kept on rotary shaker (100 rpm). Increase in shoot number and shoot length was recorded. Mean value of six replicates was calculated. The experiments were repeated thrice using Complete Randomized Design (CRD).
RESULTS
Initiation of aseptic cultures
Bud sprouting and shoot multiplication
Shoot buds sprouted after 20-25 days of culture on agargelled MS medium supplemented with BAP (10.0 µM) + NAA (5.0 µM), but the shoots showed signs of vitrification and callusing at the base. Hence these were maintained on MS medium containing Kn (5.0 µM).
Effect of cytokinins and medium status
The liquid (shake flask) medium was found to be more suitable, followed by agar-gelled and liquid static, for rapid in vitro multiplication of shoots irrespective of the cytokinins used ( Fig. 1 ; Table 1 ). TDZ (1.0 µM) favored 14 fold increase in shoot number followed by BAP (10.0 µM; 11 fold) and Kn (2.5 µM; 9 fold) in liquid shake flask cultures. Although shoot elongation i.e., 9.5 cm with occasional emergence of 1-2 shoots was observed in MS medium (control), yet 9.1 cm long shoots with 9 fold increase in shoot number was recorded in Kn (2.5 µM) supplemented medium ( Table 1) . Supplementation of agar-gelled medium with TDZ (1.0 µM) or BAP (10.0 µM) led to 9 fold and 7 fold increase in shoot number, respectively after 30 days of culture. The increase was only 6 fold in the presence of Kn (5.0 µM) on agar-gelled medium ( Table  1) . Irrespective of medium status, shoot multiplication rate was higher in TDZ or BAP, but shoots became vitrified and callusing was observed from shoots after 3-4 sub-culturing on same media. Vitrified shoots regained normal growth when transferred to Kn (5.0 µM) containing medium. On the other hand, liquid static medium showed poor shoot growth and multiplication rate as compared to agar-gelled medium (Table 1) . Prolonged culturing in liquid medium was not favorable as it led to vitrification of shoots in all the cytokinins used. Therefore, based upon our observations of a series of experiments, it is recommended that initial culturing (for 30 days) in shake flask and a periodic transfer to agar gelled medium is necessary for sustained production of normal multiple shoots. 
After effect of TDZ
The shoots grew vigorously when transferred from TDZ (10.0 µM) to Kn (5.0 µM) containing medium, as compared to shoots growing continuously on medium with Kn (5.0 µM) (Fig. 2) . The hyperhydrated shoots showed hampered growth when transferred from TDZ (10.0 µM) to BAP (10.0 µM) containing medium. Therefore, for faster rates of multiplication, shoots were initially multiplied on TDZ (10.0 µM) containing medium for 30 days and then subcultured on a medium containing Kn (5.0 µM) for shoot growth and elongation.
Rooting and transfer to green house
Rooting was evident after 30-35 days in both agar gelled or liquid medium devoid of IBA (Fig. 3a,b) . It was observed that root initiation was delayed by about 8-10 days in agar gelled medium. Moreover root system was more developed in case of liquid medium as compared to the agar gelled medium. The addition of IBA (0.25 µM) to the agar-gelled or liquid media preponed rooting (15-20 days) and roots were thick and profusely branched.
Under dark conditions, roots showed dark red root tips (Fig.  4) . Plantlets remained green for three months under green house conditions, with 45-50% survival, as was evident from emergence of new leaves. 
DISCUSSION
Comparative studies were conducted to develop an effective method for rapid multiplication of A. euchroma and liquid shake flask culture was found to be the best suited for shoot growth and multiplication. Culture of shoots in liquid shake flask resulted in proliferation of more number of shoots within a short time interval as compared to agar gelled and liquid static media. Although in vitro multiplication proved quite successful in a number of plant species but the high cost of media (due to the presence of agar component) has limited the use and exploitation of this technique at industrial level. By using liquid culture, it is possible to reduce the production cost, thereby improving the production efficiency [27] . It has been observed that the growth and multiplication rate of cultures during micropropagation are greatly influenced by the physical nature of growth medium [28] . Agar is generally employed as a solidifying agent in solid culture medium due to its desirable properties, such as inertness, stability, resistance to metabolism during use and clarity [29, 30] but there are some disadvantages too. It has been reported that some types of agar contain inhibitory substances which may prevent morphogenesis in cultures [31] . A slow growth rate may occur due to selective adsorption of growth components by agar [32] [33] [34] . Toxic exudates from explants diffuse slowly into the agar gelled medium, and as a result absorption of medium components by the explants may be restricted [28] . Liquid culture system could be used for faster rate of shoot growth and multiplication, as well as to overcome the problems with the use of agar [28, 35] . Liquid culture system has been reported to be economical and favorable method for in vitro propagation in many plant species with a number of advantages like automation, uniform culture conditions, sterilization by microfilteration, decrease in culture transfer frequencies, renewal of media without changing the container, cost effectiveness, ease in cleaning containers, easy to up-scale for industrial production [27] .
The use of liquid medium for optimum shoot multiplication rate has already been highlighted in a number of medicinal plant species including Centaurium erythraea Rafn. (Gentianaceae) [36] and Rheum emodi Wall. (Polygonaceae) [15, 37] . The better performance of shoots in liquid medium was due to the fact that more surface area of tissue is in contact with the medium for uptake of nutrients and PGRs [38] . Moreover, there is better exchange of atmospheric gases, such as O 2 and CO 2 , in liquid shake flask due to constant agitation of medium [39] . Low shoot multiplication and growth in liquid static culture as compared to liquid shake flask could be due to the problem of asphyxia [27, 40] .
Maximum shoot multiplication rate (14-fold) was achieved using 1.0 µM TDZ in the liquid (shake culture) medium as compared to BAP (11-fold) and Kn (9-fold) ( Table 1) . TDZ, a substituted phenylurea is amongst the most active cytokinin-like substances and is known to be a highly effective regulator of in vitro morphogenesis [41] [42] [43] [44] [45] [46] . It has been reported to produce greater number of shoots than other cytokinins in several plant species [47] [48] [49] [50] . TDZ being a potent inhibitor of cytokinin oxidase acts by modulating the endogenous hormone level [51] [52] [53] [54] [55] . It causes the elevation of endogenous levels of cytokinins by preventing their breakdown to adenine and adenosine [46, [56] [57] [58] .
TDZ favors high shoot multiplication rate, but its continuous presence in the medium leads to vitrification. Short exposure of shoots to TDZ containing medium followed by regular sub-culturing on Kn supplemented medium resulted in optimum shoot growth and proliferation. For faster rates of multiplication, shoots were initially multiplied on TDZ (10.0 µM) containing medium for 30 days and then sub-cultured on a medium containing Kn (5.0 µM) for shoot growth and elongation. These observations are in conformity to the work of Piatczak et al. [36] where the spontaneous reversion of shoot hyperhydricity in Centaurium erythraea was observed, after transferring from a liquid medium to a hormone free agar gelled MS medium. Such hyperhydricity and stunted growth of shoots was observed earlier by several workers in other medicinal herbs like Cineraria maritime [59] , Lavandula stoechas L. (Lamiaceae) [60] and Bacopa monniera (L.) Wettst. (Scrophulariaceae) [61] . Therefore it is suggested that with the proper selection and combination of PGRs as well as liquid and agar-gelled media, the problem of vitrification can be easily circumvented.
CONCLUSIONS
A protocol for in vitro propagation of A. euchroma, using liquid culture system, was developed that could be used for further experiments related to automation for commercial utilization. The procedure developed is economic in terms of time, space and media and would help in large scale propagation as well as conservation of this rare and endangered plant species.
